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ABSTRACT

This study assessed the mastery of graphing linear equations among Grade 8 students using PhET simulations
to address numeracy challenges. Students from a public high school in Nueva Vizcaya, Philippines,
participated in the study. The control and experimental groups were assigned to two different sections.
Employing a quasi-experimental pretest-posttest control group design, descriptive statistics (including
frequencies, percentages, means, and standard deviations) were used to measure the students’ mastery levels. A
paired-sample t-test was used to compare pretest and posttest results within each group, while an independent-
sample t-test assessed significant differences in gain scores between groups. Results showed improved mastery
of graphing linear equations after the interventions, with both groups exhibiting higher posttest mastery levels
than pretest levels. Additionally, the experimental group displayed greater improvement. Hence, PhET
simulations were found to enhance the learning of graphing linear equations and are recommended for
continued use.

Keywords— educational intervention, mastery level, numeracy challenges, mathematics education, quasi-
experimental

INTRODUCTION

Mathematical literacy involves individuals’ ability to understand, apply, and interpret mathematics across
various situations, encompassing skills like problem-solving, communication, reasoning, connection, and
representation [20]. It is crucial to cultivate literacy among students as it equips them to think critically and
solve problems effectively in real-world scenarios [29]. Teachers play a crucial role in cultivating students’
mathematical literacy abilities by presenting concepts in real-world scenarios and assisting students in
understanding the abstract language of mathematics [14].

International assessments such as PISA (Programme for International Student Assessment) and TIMSS (Trends
in International Mathematics and Science Study) have been instrumental in propelling school mathematics
curriculum reforms. PISA provides valuable insights for policymakers and educators into the effectiveness of
the education system and areas needing enhancement. Meanwhile, TIMSS evaluates math and science
achievements among fourth and eighth-grade students [18]. The Philippines enacted Republic Act No. 10533
(K to 12 Act), the Enhanced Education Act, aiming to enhance the country’s basic education system by
reinforcing the curriculum and extending the duration of basic education from ten to twelve years. The K to 12
program equips graduates with 21%%-century skills (1. Information, media, and technology skills; 2. Learning
and innovation skills; 3. Communication skills; and 4. Life and career skills) integrated into the curriculum,
allowing practical application across diverse fields and preparing them for multiple pathways post-education
[9]. In connection to mathematics literacy, DepEd Curriculum Guide [7] stated that Mathematics is a skills-
based subject that encompasses quantities, shapes, figures, functions, logic, and reasoning, serving as both a
tool of science and a language with its notations and symbols, enabling effective expression of concepts and
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ideas. In particular, its contents were Numbers and Number Sense, Measurement, Geometry, Patterns and
algebra, and Statistics and Probability.

Despite these initiatives, the Philippines struggled with low mathematics scores in international assessments
[32]. The Philippines’ participation in TIMSS in 2003 and 2008 yielded scores of 378 and 355, respectively
[2][17], indicating a decline in performance over those years, revealing a gap which indicates that there is a
gap in numeracy during those years. PISA 2018 results revealed that the Philippines landed second to last in
Mathematics among 79 participating countries. This may be attributed to different predictors such as student
factors, family factors, teacher factors, classroom and school factors, and policy factors, as revealed by several
researchers [16].

The coronavirus further heightened educational challenges in 2020, prompting the Basic Education Learning
Continuity Plan to ensure continued learning despite the pandemic [8]. The department continued to exert
efforts to address the challenges in education until the implementation of full face-to-face classes in November
2022. In fact, Vice President and Education Secretary Sara Z. Duterte launched MATATAG: Bansang
Makabata, Batang Makabansa, to establish the agency’s and stakeholders’ new direction in addressing basic
education challenges [21].

While there was a slight improvement in mathematics scores from 2018 to 2022, the Philippines still lagged,
scoring below the OECD average [23][1]. This was evident in the international assessment and the National
Achievement Test (NAT) in Mathematics [10]. Moreover, Region 02 (Cagayan Valley) exhibited the lowest
mean percentage score in the 2019 math NAT for Grades 6, 10, and 12, particularly struggling with items that
promote problem-solving and critical thinking in science process skills [10].

Addressing these challenges requires innovative teaching methodologies such as PhET simulations,
encompassing a series of research-based interactive computer simulations meticulously crafted to enhance the
instruction and comprehension of multiple subjects, encompassing physics, chemistry, mathematics, and
various scientific disciplines [31]. These are crafted based on design principles aimed at fostering student
engagement in science and mathematics through inquiry by encouraging scientific exploration, interactivity,
revealing the unseen, visualizing mental models, offering diverse representations (such as object motion,
graphs, numbers), establishing real- world connections, providing implicit guidance for productive exploration,
and ensuring adaptability across various educational contexts [26].

Several studies, both local [4][24][34] and international [3][35][25], have proven its significant effect on the
student’s performance specifically in science-related subjects. Some PhET simulations are math-related, but
only a few study its effect on this subject.

With this, the study aimed to explore the effect of utilizing PhET simulations on the mastery levels of 81
graders in Mathematics. Specifically, it sought to answer the following questions:

1. What is the mastery level of the control and experimental groups before and after utilizing the PhET
simulation in teaching Graphing Linear Equations?;

2. Is there a significant difference between the pretest and posttest scores of the control and experimental
group?; and

3. Isthere a significant difference between the gain scores of the control and experimental groups?

METHODOLOGY

Research Design

This study employed a quasi-experimental approach, particularly pretest-posttest control group design. Two
groups, experimental and control, were randomly assigned. The independent variables included the use of
PhET simulations in teaching graphing linear equations (X) and the existing teaching method C. Meanwhile,
the dependent variables were the students’ mastery levels before and after the interventions (O1, O2).
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Fig. 1. The pretest-posttest control group design
Research Environment and Participants

The study was conducted at Bonfal National High School, Bonfal Proper, Bayombong, Nueva Vizcaya,
Philippines, during the first quarter of the School Year 2023-2024. It involved two Grade 8 sections with math
classes scheduled in the morning, taught by the same teacher. The study involved 70 Grade 8 learners from
different sections of the same school. Of these, 36 students from Section A were assigned to the experimental
group, while 34 students from Section B were assigned to the control group. To ensure comparability between
the groups before the intervention, an independent sample t-test was conducted on the pretest scores. Results
revealed no significant differences between the control group (M = 21.11, SD = 13.04) and experimental group
(M =25.59, SD = 13.30) at a 0.05 significance level, t = —1.422, p > .05. This finding indicates that prior to
the experiment, both groups exhibited similar levels of concept mastery in graphing linear equations, making
them comparable as illustrated in Table 1.

Table 1. T-test for independent samples result in comparing the pretests of control and experimental group

Pretest Mean SD t df Sig. (2-tailed)
Control Group 21.11 13.04
_ -1.422 68 160
Experimental Group 25.59 13.30

Instrumentation

The study utilized a mastery test comprising multiple choice items adapted from the Department of
Education’s Quarter 1 — Module 10: Graphing Linear Equations in Mathematics 8. Learning resources from the
Department of Education undergo rigorous quality assurance procedures [13]. The test included ten items
aligned with the competency code M8AL-If-2 on graphing linear equations. The mastery test undergone
reliability and validity testing. Results of the evaluation show a Cronbach’s alpha of 0.90 which is highly
reliable [33] and Content Validity Index (CV1) value of 0.92 which is an acceptable value [12].

Identical tests were administered before and after the intervention, although the order of the items was not
retained.

Data Treatment

Descriptive statistics were used to present the gathered data, including frequencies, percentages, means, and
standard deviations. A scoring system was used to assess students’ responses: 0 point for incorrect answers and
1 point for correct ones, totalling up to 10 points.

Table 2 outlines the qualitative scale descriptions on evaluating student scores on their post-test, adapted from
DepEd Memorandum No. 160, s. 2012

Table 2. Student mastery level using mean percentage score (MPS) from Department of Education

Mean Percent Score (MPS) Descriptive Equivalent
96-100% Mastered
86-95% Closely Approximating Mastery
66-85% Moving Towards Mastery
35-65% Average
15-34% Low
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5-14% Very Low
0-4% Absolutely No Mastery

By the Central Limit Theorem (CLT), the data is assumed to be normally distributed since n>30 for both
control (n=36) and experimental group (n=34). The CLT posits that as sample sizes increase, the distribution of
sample means converges to a normal distribution, irrespective of the population’s distribution, with sample
sizes of 30 or more commonly regarded as satisfactory for the CLT to be applicable [11].

With this, a paired sample t-test was employed to analyze the significant difference between the pretest and
post-test results within both the control and experimental groups. Moreover, t-test for independent samples was
utilized to assess the significant difference between the gain scores of the control and experimental groups.
Gain score is the difference between the post test score and the pretest score.

Data Gathering Procedures

The study comprised three main phases: pre-experimental activities, the experiment, and post-experimental
activities. In the first phase, the control and experimental groups underwent a pretest before any intervention.
The second phase involved implementing the teaching strategies: the control group received the existing
method (lecture method), while the experimental group experienced the integration of PhET simulations. The
third and final phase encompassed administering the posttest to both groups after the teaching interventions.

RESULTS AND DISCUSSIONS
Mastery Level of the Control and Experimental Groups Before and After the Intervention

Table 3 presents the frequency, percent, mean, and standard deviation of the mastery level on graphing linear
equations of the control and experimental group before and after using PhET simulations.

Table 3. Descriptive statistics on the mastery level on graphing linear equations of the control and
experimental group before and after the intervention

Control Group |Experimental Group

Mastery Level Pretest | Posttest | Pretest Posttest

fl % |[f| % |[f| % | f| %

Mastered 0/0.00|[0|0.00|0| 0.00 0] 0.00
Closely Approximating Mastery| 0| 0.00 |0 | 0.00| 0 | 0.00 | 0 | 0.00
Moving Towards Mastery 0[{0.00{1|{278| 0| 0.00|2]| 588
Average (A) 513.89|14|38.89/ 10| 29.41 | 24| 70.59
Low (L) 18/50.00{16/44.44| 15| 44.12 | 8 | 23.53
Very Low 9125.00{2|556| 82353 0| 0.00
Absolutely No Mastery 41111113833 |1 | 294 | 0| 0.00
TOTAL 36| 100 (36| 100 | 34| 100 |34| 100

MPS 21.11 31.94 25.59 45.00

Mastery Level L L L A
SD 13.04 | 15.46 13.30 12.85

Legend: A-Average Level (35-65%), L-Low Level (15-34%)
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Table 3 shows that in the control group, most students exhibited a ‘low’ level of mastery during their pretest
(50.00%) and posttest (44.44%), indicating that the topic was challenging to students. Notably, a slight
discrepancy of 5.55% is observed between the ‘average' and 'low' mastery levels, accompanied by the
progression of one student into the 'moving towards mastery' level (2.78%), signifying progress.

In contrast, the experimental group initially began mostly at a ‘low' level (44.12%) during the pretest.
However, by the posttest, the majority had advanced towards an ‘average' mastery level (70.59%), indicating a
grasp of the basics of Graphing Linear Equations wherein they can solve simple problems but might struggle
with harder ones. Importantly, the progress goes beyond mere averages, with two subjects achieving the
‘moving towards mastery' level (5.88%), indicating higher score beyond the ‘average' level. These subjects are
learning and starting to understand more about Graphing Linear Equations.

Furthermore, averaging across both groups, the mastery level in the posttest consistently exceeded that of the
pretest. However, while the scores improved for the control group, they remained in the “low mastery”
category. Conversely, the PhET simulation-integrated facilitated a shift from ‘low’ to ‘average level’ mastery.
This suggests an improvement in the mastery level of the students in utilizing PhET simulations as intervention
in understanding Graphing Linear Equations.

In consonance to this, the study conducted by several researchers found out that PhET simulation-based
learning improve students’ understanding of concepts, increase motivation levels therefore improving
academic achievement [3][15][30].

Nevertheless, despite the improvements, the average still ranges from ‘average’ to low. This underscores the
need for continued enhancement strategies. Tailoring interventions to address specific areas or topics where
mastery remains low could be instrumental in further elevating the overall mastery levels.

One plausible explanation for these findings could align with the study conducted by [5], which highlighted
students' negative attitudes and perceptions towards mathematics.

Difference Between the Pretest and Posttest Results of the Control and Experimental Group

Tables 4 and 5 present the result of paired sample t-test comparing the score of the control and experimental
group before and after implementing the interventions.

Table 4. Paired sample t-test result in comparing the pretest and posttest results of the control group

MPS SD t df Sig. (2-tailed)
Pretest 21.11 13.04
-3.654 35 .001**
Posttest 31.94 15.46

* Significant at 0.05 level
** Significant at 0.01 level

The data in Table 4 indicates a significant disparity (t = —3.654, p = 0.001 < 0.01) between the pretest (MPS =
21.11, SD = 13.04) and posttest (MPS = 31.94, SD = 15.46) in control group. This suggests that the mastery
level for the control group has improved significantly which further indicate that the usual teaching method is
effective in understanding the topic.

The underlying reason for this data can be attributed to [19] study which they compared traditional and
nontraditional presentation methods in terms of student preference and performance assessment revealed a
preference among students for traditional lectures, alongside higher performance in assessments associated
with this format.
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Table 5. Paired sample t-test result in comparing the pretest and posttest results of the experimental group

MPS SD t df Sig. (2-tailed)
Pretest 25.59 13.30
-71.275 33 .000**
Posttest 45.00 12.85

* Significant at 0.05 level
** Significant at 0.01 level

Table 5 displayed a significant difference (t = —7.275, p = 0.000 < 0.01) between the pretest (MPS = 25.59, SD
= 13.30) and posttest (MPS = 45.00, SD = 12.85) MPS in the experimental group. These results imply that
participants showed significantly higher mastery level in their posttest compared to their pretest. This further
indicate that the PhET simulation- integrated teaching method is effective in understanding graphing linear
equations.

In line with this, the simulations were also discovered to significantly improve students' mathematical
understanding of fractions [28]. In contrast, [22] found that the control group exhibited no significant
differences in pre- and post-test scores.

Difference Between the Gain Scores of the Control and Experimental Groups

Table 6 presents the result of t-test for independent samples comparing the gain score of the control and the
experimental groups.

Table 6. T-test for independent samples result in comparing the gain score of control and experimental group

Mean SD t df Sig. (2-tailed)
Control Group 10.83 17.79 -
Experimental Group 19.41 15.56 2.142 68 036

* Significant at 0.05 level

Table 6 reveals a significant difference (¢t = —2.142p = 0.036 < 0.05) in the gain scores between the control and
experimental groups. Both groups showed improvement, but the data indicate a greater enhancement in the
experimental group compared to the control group. This suggests that the intervention was more effective in
graphing linear equations compared to the the usual teaching method.

This finding is in support with [27]'s study, which observed that students using PhET simulations obtained
significantly higher scores compared to the group without any tools. Additionally, it was noted to have a
remarkable impact on learning [6].

CONCLUSIONS

The mastery level of students in utilizing PhET simulation as an intervention improved in understanding
graphing linear equations. This suggests that the intervention effectively enhances students' understanding of
the lesson.

In both groups, students performed better in posttests compared to the pretests. This shows that regardless of
the methods used, students showed learning progression and assimilation of knowledge.

The experimental group had a higher improvement in the mastery level compared to the control group. This
suggests that the usage of PhET simulations has a better impact in terms of students' mastery in mathematics
topics than the traditional approach to teaching.
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RECOMMENDATIONS

Based on the favorable mastery ratings achieved by students using PhET simulations, it's advisable to
consistently integrate these simulations into graphing linear equations topics. Prioritizing active student
engagement through guided activities is crucial for maximizing intervention effectiveness, alongside gathering
feedback for tailored instruction. Exploring diverse methods of incorporating PhET, like in-class
demonstrations or group activities, can significantly enhance student exposure and comprehension of the topic.

The observed mastery level progress in both PhET-integrated and usual teaching methods warrants further
comparative analysis. Continuing assessment and comparison of student outcomes between these approaches
offer valuable insights into their effectiveness. Blending successful elements from both methods can optimize
learning outcomes for a diverse student range.

This study underscores the impact of PhET simulations on students’ mastery of Graphing Linear Equations.
Administrators should provide educators with training and resources to effectively integrate PhET simulations
into teaching methodologies. Longitudinal studies observing how PhET-taught students perform in higher-level
math courses would evidence the long-term impact of simulation-based learning on math proficiency.
Establishing a platform for educators to share successful strategies with PhET simulations in teaching graphing
linear equations is also essential.
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